###### Strengths and limitations of this study

-   The potential for differential economic effects of smoke-free air laws by employer size is an understudied issue.

-   This study uses panel data over a long time period, both at the national level (by state, 1990 through 2014) and for North Carolina (by county, 2001 through 2014), to provide a two-pronged examination of this question.

-   Complementary statistical approaches were used to ensure that the choice of estimator does not bias the conclusions of the study.

-   Data availability by employer size is quite poor for more specific business types (eg, restaurants and bars).

-   Attenuation bias is a concern in the national analysis because it uses a higher aggregation of employment (accommodation and food services) than the target of the intervention (smoke-free air laws in restaurants and bars).

Introduction {#s1}
============

Secondhand smoke exposure is responsible for an estimated 50 000 deaths per year in the US among non-smoking adults and children.[@R1] Smoke-free air laws in the US and abroad have been associated with drastic improvements in air quality and population health as well as decreases in smoking prevalence,[@R1] an indication that reducing opportunities for social smoking may help encourage cessation and depress initiation by denormalising smoking in public.[@R7] Thirty states currently have smoke-free air laws that ban smoking in all restaurants and bars, covering nearly two-thirds (65.7%) of the US population.[@R8] An additional five states have smoke-free air laws covering only restaurants, representing more than a tenth of the population (12.0%).[@R8] Despite the rapid expansion of smoke-free air laws during the 2000s,[@R9] strong public support[@R10] and a near consensus among peer-reviewed studies that smoke-free air laws have generally null or positive economic effects,[@R12] legislative progress on this issue has stalled in recent years and even regressed in some cases.[@R13] Population coverage by comprehensive smoke-free air laws has barely changed since 2010 and perhaps counter-intuitively, states with pre-existing non-comprehensive laws are less likely to subsequently pass a more comprehensive law in the future.[@R14] Exemptions in non-comprehensive laws have allowed establishments to reintroduce smoking,[@R17] which is concerning given the disparities that already exist in workplace secondhand smoke exposure.[@R11]

Opponents of these laws frequently claim that their implementation will have an adverse economic impact on the hospitality industry, particularly restaurants and bars, despite a strong evidence base to contradict these claims. Numerous studies have found generally null or positive effects of smoke-free air laws on either employment and/or sales---the primary indicators used to measure the economic impact of these laws[@R12]---in restaurants and/or bars across the US.[@R2] A study using business sales found no evidence that smoke-free air laws impacted the value for which individual bars were sold after controlling for employer size, providing an indication that these laws do not differentially impact profitability.[@R30] Several studies have found negative effects but the majority were not peer-reviewed and/or were supported by funding from the tobacco industry.[@R12]

Prior studies of the economic impact of smoke-free air laws have examined their effect on employment and/or sales in aggregate for a given locality in which all restaurants and/or bars in a city are treated as a homogeneous group. This approach explicitly ignores the possibility that the effect on restaurants or bars might vary based on employer characteristics. Regulatory burdens have been found to disproportionately disadvantage smaller businesses and encourage larger firm size.[@R33] Though smoke-free air laws may not create a cost burden, the potential for lost revenue from smoking clientele for an individual establishment can create a revenue burden. Since smaller establishments generally face a higher failure rate and may be more at risk from any sizeable loss of revenue,[@R35] understanding whether prior estimates of generally null or positive effects may mask differential effects by employer size is an important gap to address. This study seeks to address this gap using a two-pronged approach: (1) a national analysis using 25 years of hospitality employment data from all 50 states and DC and (2) a state-level analysis using 14 years of county-level restaurant and bar employment data from North Carolina.

Methods {#s2}
=======

Data {#s2a}
----

### Employment: national {#s2a1}

For the national analysis, annual state-level accommodation and food services employment (North American Industry Classification System (NAICS) 72) by employer size were obtained from the Bureau of Labor Statistics Quarterly Census of Employment and Wages (QCEW) for all 50 states and the District of Columbia for 1990 through 2014. These data are derived from quarterly tax reports to state labour departments by all employers subject to unemployment insurance, covering approximately 98% of US employment.[@R36] Total accommodation and food services employment in each state-year was split into nine categories by employer size (\<5, 5--9, 10--19, 20--49, 50--99, 100--249, 250--499, 500--999 and ≥1000 employees). Any values suppressed to protect employer confidentiality were coded as missing and excluded from the analysis. These data have been used in several prior studies of the economic impact of smoke-free air laws.[@R20]

Restaurant and bar-specific data by employer size was not available. The QCEW only contains employment totals by employer size category at the state and two-digit NAICS industry code level for the first quarter of each year. Since the federal data are a product of data aggregated from state labour departments, the labour market information website for each state was identified and searched for more detailed data by employer size. Data availability by state is described in online [supplementary appendix table A1](#SP1){ref-type="supplementary-material"} with a URL for the relevant labour market data web page, geographic level, NAICS code level and time period. Only three states (California, North Carolina and Washington) had data available that was better than what was available in the QCEW; however, California and Washington only had data available for years after their state-wide smoke-free air laws had already gone into effect. The North Carolina data by employer size contained much greater geographical (county), industry (four-digit NAICS code) and temporal (quarter) detail than the QCEW (state, two-digit NAICS code, year), providing an opportunity to conduct a state-specific analysis for North Carolina to further inform this research question.
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### Employment: North Carolina {#s2a2}

For the North Carolina analysis, quarterly employment data for restaurants (NAICS 7221 for 2001--2010, 7225 for 2011--2014) and bars (NAICS 7224) by employer size were obtained from the North Carolina Department of Commerce for all 100 counties for 2001 through 2014. The change in restaurant industry code was a result of adoption of changes to the underlying NAICS code structure by the state.[@R38] Total restaurant and bar employment in each county quarter was split into nine categories by employer size (\<5, 5--9, 10--19, 20-- 49, 50--99, 100--249, 250--499, 500--999 and ≥1000 employees). Any values suppressed to protect employer confidentiality were coded as missing and excluded from the analysis. Restaurant and bar employment within each employer size category were summed for the North Carolina analysis as spillover of employees between business types is not relevant to our analysis and the state-wide smoke-free air law covered both settings on implementation.

### Policy variables {#s2a3}

For the national analysis, the smoke-free air law policy variable is coded as a continuous variable measuring the percentage of each state's population covered by any (restaurant, bar, workplace) smoke-free air law (scaled from 0 to 100). If any counties or municipalities within a state adopt a smoke-free air law during the study period (1990--2014), this variable measures the percentage of the population accounted for by those areas of the state over time. When a state-wide smoke-free air law goes into effect, the smoke-free law variable is set equal to 100 beginning in that year. The QCEW data correspond to the first quarter of each year and were matched to state-level smoke-free air law coverage as of the beginning of that quarter. For the North Carolina analysis, the smoke-free air law policy variable is an indicator equal to 1 beginning in the first quarter of 2010 onward and 0 otherwise. These variables were derived from a chronological database of smoke-free air laws published by the American Nonsmokers' Rights Foundation and annual state population data from the US Census Bureau Population Estimates Program.[@R9]

### Covariates: national {#s2a4}

Annual state population data for 1990 through 2014 was obtained from the US Census Bureau Population Estimates Program.[@R39] Annual state per capita pack sales for 1990 through 2014 were derived from pack sales data published in *The Tax Burden on Tobacco* and the preceding population estimates.[@R40] Annual federal and state cigarette excise taxes for 1990 through 2014 were also obtained from *The Tax Burden on Tobacco*. Annual state non-hospitality employment was derived from the QCEW data by subtracting accommodation and food services employment from total employment for each state-year.

### Covariates: North Carolina {#s2a5}

Annual county-level population data in North Carolina for 2001--2014 was obtained from the CDC WONDER Bridged-Race Resident Population Estimates.[@R41] Annual county-level adult smoking prevalence for 2001--2012 was obtained from small area Behavioral Risk Factor Surveillance System (BRFSS) estimates published by Dwyer-Lindgren *et al*.[@R42] Quarterly county-level non-hospitality employment was derived from the QCEW data by subtracting accommodation and food services employment from total employment for each county-quarter.

Statistical analysis {#s2b}
--------------------

Dynamic panel data models are used to estimate the relationship between smoke-free air laws and employment within each category of employer size. Two variations on a standard fixed effects model with an autoregressive term are used to estimate these policy effects: (1) an instrumental variable (IV) panel model and (2) a bias-corrected least squares dummy variable model (LSDVc). Such models are appropriate because they can account for the autoregressive nature of employment while also accounting for correlation of errors within groups, like states or counties, over time. The former approach (IV) has been used in two recent studies of the economic impact of smoke-free air laws and has the added advantage of accounting for simultaneity of changes in restaurant or bar employment and general economic activity.[@R20] The latter approach (LSDVc) reduces the bias inherent in an autoregressive fixed effects model without the efficiency losses of IV estimation.[@R43]

Employment in restaurants and bars exhibits a high degree of correlation between past and present values (0.95--0.99 across employer size categories in national data, 0.57--0.86 in North Carolina data). To account for the dynamic nature of employment, the lagged value of the outcome (autoregressive term) is included as a covariate. To account for general economic activity that may also affect restaurants and bars, independent of the implementation of smoke-free air laws, non-hospitality employment (in units of 10 000) is also included as a covariate in each model. Population was highly correlated with non-hospitality employment (\>0.9) and therefore not included as a covariate in the models. State cigarette pack sales per capita and real total cigarette excise taxes (federal plus state, in 2014 dollars) are included in the national analysis. County smoking prevalence is included in an alternate specification for North Carolina since it is only available through 2012, which results in the dropping of the final 2 years of data from the model (2013--2014).

The IV models were estimated using *xtivreg* with the fixed-effects estimator and bootstrapped standard errors (100 replications). In these models, non-hospitality employment, for either the state-year or county-quarter level, was instrumented for by its lagged value to account for unobserved confounders that may simultaneously affect restaurant or bar employment and general economic activity.[@R47] All first-stage F-statistics were significant at the 0.01 level. The LSDVc models were estimated using *xtlsdvc* with bootstrapped standard errors (100 replications).[@R43] In the national analysis, state fixed effects were included in all models to account for any unobserved differences between states. In the North Carolina analysis, county and quarter (January to March, April to June, July to September, October to December) fixed effects were included in all models to account for any unobserved differences between counties and potential seasonality in employment. All analyses were conducted using Stata V.14.2.[@R48]

Results {#s3}
=======

The results presented below focus on employment in the employer size categories of fewer than 100 employees (\<5, 5--9, 10--19, 20--49 and 50--99). In 2014, 98.8% of restaurants and 99.8% of bars had fewer than 100 employees nationally. Results for the remaining categories (100--249, 250--499, 500--999 and ≥1000) in the national analysis are presented in online [supplementary appendix tables A2 and A3](#SP1){ref-type="supplementary-material"}. For North Carolina, these models were not estimated due to an increasingly small number of counties with non-missing employment values (100--249: 24 counties (of 100), 250--499: 2, 500--999: 1, and ≥1000: 0), which limits generalisability of the results back to the state level.

[Tables 1 and 2](#T1 T2){ref-type="table"} contain the regression results for the national analysis using the IV and LSDVc models, respectively. The percentage of state population covered by any smoke-free air law was not associated with state-level accommodation and food services employment in all but one case. In the IV models ([table 1](#T1){ref-type="table"}), percentage of state population covered by any smoke-free air law was only significantly associated with accommodation and food services employment for employers with five to nine employees (model 2: b=--0.9, P\<0.05), indicating a decrease of approximately one hospitality employee per additional 1% of state population covered by a smoke-free air law within that employer size category. In the corresponding LSDVc model ([table 2](#T2){ref-type="table"}), the estimated effect was of similar magnitude but not statistically significant (model 2: b*=*--1.1, P\>0.05). Rising cigarette excise taxes were associated with increasing state accommodation and food services employment in 5 of 10 models ([table 1](#T1){ref-type="table"}, models 2, 4 and 5; [table 2](#T2){ref-type="table"}, models 4 and 5). An alternate specification that includes year fixed effects (not shown) yielded qualitatively similar findings.

###### 

State accommodation and food services employment models, IV

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                     State accommodation and food services employment by employer size category,\                                                            
                                                                     b (SE)                                                                                                                                  
  ------------------------------------------------------------------ ------------------------------------------------------------------------------ ------------------ ---------------- -------------------- -------------------
  Percentage of state population covered by any smoke-free air law   --0.1 (1.0)                                                                    --0.9\* (0.5)      --0.2 (1.6)      0.5 (4.8)            --3.9 (2.8)

  Prior year state accommodation and food services employment\       0.8\*\* (0.04)                                                                 0.9\*\* (0.01)     0.9\*\* (0.02)   0.8\*\* (0.1)        0.95\*\* (0.1)
  (within employer size category)                                                                                                                                                                            

  State cigarette pack sales per capita                              2.0 (3.4)                                                                      --0.1 (1.7)        4.1 (4.9)        7.6 (10.9)           2.7 (5.9)

  Real total cigarette excise tax\                                   119.2 (123.5)                                                                  135.2\*\* (45.7)   303.8 (157.9)    1362.3\*\* (459.1)   558.1\*\* (210.8)
  (federal plus state)                                                                                                                                                                                       

  State non-hospitality employment\                                  4.0 (3.1)                                                                      5.0\*\* (1.0)      15.1\*\* (2.6)   49.7\* (20.9)        2.5 (13.4)
  (in units of 10 000)                                                                                                                                                                                       

  Years included                                                     1990--2014                                                                     1990--2014         1990--2014       1990--2014           1990--2014

  n (states)                                                         51                                                                             51                 51               51                   51

  n (state-year observations)                                        757                                                                            1157               1224             1224                 1171
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

State non-hospitality employment instrumented for by its lagged value. State fixed effects not shown.

\*P\<0.05; \*\* P\<0.01.

IV, instrumental variable.

###### 

State accommodation and food services employment models, LSDVc

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                                     State accommodation and food services employment by employer size category,\                                                            
                                                                     b (SE)                                                                                                                                  
  ------------------------------------------------------------------ ------------------------------------------------------------------------------ ----------------- ----------------- -------------------- -------------------
  Percentage of state population covered by any smoke-free air law   --0.2 (1.6)                                                                    --1.1 (0.7)       --0.5 (1.8)       --0.4 (5.2)          --5.2 (3.9)

  Prior year state accommodation and food services employment\       0.9\*\* (0.05)                                                                 0.96\*\* (0.01)   0.99\*\* (0.01)   0.8\*\* (0.01)       0.9\*\* (0.02)
  (within employer size category)                                                                                                                                                                            

  State cigarette pack sales per capita                              1.6 (3.9)                                                                      --0.3 (1.8)       4.0 (4.4)         12.9 (12.3)          8.2 (10.7)

  Real total cigarette excise tax\                                   96.3 (134.0)                                                                   91.4 (47.3)       223.0 (116.5)     1398.0\*\* (335.0)   712.3\*\* (253.7)
  (federal plus state)                                                                                                                                                                                       

  State non-hospitality employment\                                  2.1 (1.4)                                                                      0.5 (1.1)         0.6 (2.4)         53.0\*\* (8.1)       26.8\*\* (6.4)
  (in units of 10 000)                                                                                                                                                                                       

  Years included                                                     1990--2014                                                                     1990--2014        1990--2014        1990--2014           1990--2014

  n (states)                                                         51                                                                             51                51                51                   51

  n (state-year observations)                                        757                                                                            1157              1224              1224                 1171
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

State fixed effects not shown.

\*\*P\<0.01.

LSDVc, bias-corrected least squares dummy variable.

[Tables 3 and 4](#T3 T4){ref-type="table"} contain the regression results for the North Carolina analysis using the IV and LSDVc models, respectively. The state-wide smoke-free air law indicator was either insignificant or indicated a positive effect on county-level restaurant and bar employment across all categories of employer size. In comparing the results between estimators, it is clear that LSDVc models ([table 4](#T4){ref-type="table"}) exhibited the expected improvements in efficiency (smaller standard errors) over the IV models ([table 3](#T3){ref-type="table"}). In the IV models ([table 3](#T3){ref-type="table"}), the state-wide smoke-free air law was only significantly associated with restaurant and bar employment for employers with 20--49 employees (model 7: b=844.8, P\<0.01; model 8: b=1072.9, P\<0.05), indicating an increase of approximately 800--1100 restaurant and bar employees per county attributable to the law within that employer size category. In the LSDVc models ([table 4](#T4){ref-type="table"}), the state-wide smoke-free air law was positively associated with restaurant and bar employment in all five employer size categories and 9 out of 10 models, with effect estimates ranging from an increase of nearly 40 employees per county in the \<5 employees category (model 1: b=37.6, P\<0.01) to more than 850 employees in the 20--49 employees category (model 7: b=863.8, P\<0.01). Increasing county smoking prevalence was associated with a decline in county restaurant and bar employment in one model ([table 3](#T3){ref-type="table"}, model 4).

###### 

North Carolina county restaurant and bar employment models, IV

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                        County restaurant and bar employment by employer size category, b (SE)                                                                                                                                                          
  ----------------------------------------------------- ------------------------------------------------------------------------ -------------- ------------------ ------------------- -------------------- ------------------- ------------------- ------------------ ---------------- ----------------
  State-wide smoke-free air law indicator               41.3 (55.3)                                                              32.2 (91.3)    49.0 (158.7)       3.7 (32.1)          484.3 (2014.2)       -187.1 (754.5)      844.8\*\* (247.7)   1072.9\* (481.3)   582.7 (629.1)    342.2 (604.0)

  Prior quarter county restaurant and bar employment\   --0.2 (1.1)                                                              --0.1 (0.1)    0.001 (0.3)        0.02 (0.1)          --0.1 (0.9)          --0.1 (0.2)         --0.002 (0.04)      0.01 (0.04)        0.01 (0.2)       --0.1 (0.2)
  (within employer size category)                                                                                                                                                                                                                                                       

  County smoking prevalence                             ---                                                                      --0.8 (11.9)   ---                --36.6\*\* (11.6)   ---                  --170.5 (264.1)     ---                 109.0 (138.5)      ---              --55.4 (107.3)

  County non-hospitality employment\                    --8.2 (671.2)                                                            39.6 (345.6)   1382.6 (2,162.6)   --285.4 (200.4)     --3457.4 (12108.3)   --1839.9 (3585.1)   1471.1 (1826.2)     2405.6 (1947.9)    427.8 (5176.3)   120.4 (1505.9)
  (in units of 10 000)                                                                                                                                                                                                                                                                  

  Years included                                        2001--2014                                                               2001--2012     2001--2014         2001--2012          2001--2014           2001--2012          2001--2014          2001--2012         2001--2014       2001--2012

  n (counties)                                          95                                                                       94             93                 93                  96                   95                  92                  91                 61               56

  n (county-quarter observations)                       1991                                                                     1682           3925               3325                4309                 3664                4082                3461               2071             1721
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

County non-hospitality employment instrumented for by its lagged value. Quarter and county fixed effects not shown.

\*P\<0.05; \*\*P\<0.01.

IV, instrumental variable.

###### 

North Carolina county restaurant and bar employment models, LSDVc

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                                        County restaurant and bar employment by employer size category, b (SE)                                                                                                                                                   
  ----------------------------------------------------- ------------------------------------------------------------------------ ------------- ----------------- ----------------- ----------------- ------------------ ------------------ ------------------ ------------------ -------------------
  State-wide smoke-free air law indicator               37.6\*\* (4.6)                                                           25.5 (13.6)   111.3\*\* (3.1)   85.9\*\* (14.9)   333.4\*\* (9.0)   262.7\*\* (42.5)   863.8\*\* (24.7)   651.1\*\* (95.5)   558.4\*\* (21.9)   447.0\*\* (109.1)

  Prior quarter county restaurant and bar employment\   --0.1 (0.04)                                                             --0.1 (0.1)   0.08\*\* (0.01)   0.1 (0.1)         0.1\*\* (0.01)    0.1\* (0.04)       0.01 (0.01)        0.03 (0.04)        0.01 (0.01)        --0.04 (0.07)
  (within employer size category)                                                                                                                                                                                                                                                

  County smoking prevalence                             ---                                                                      --3.1 (3.6)   ---               --7.6 (4.3)       ---               --18.6 (14.3)      ---                --28.5 (28.8)      ---                --11.0 (28.5)

  County non-hospitality employment\                    30.8\*\* (4.4)                                                           8.8 (10.1)    113.6\*\* (2.1)   82.0\*\* (12.7)   380.2\*\* (8.2)   259.2\*\* (36.3)   897.9\*\* (17.2)   586.7\*\* (58.1)   549.1\*\* (10.0)   405.9\*\* (81.7)
  (in units of 10 000)                                                                                                                                                                                                                                                           

  Years included                                        2001--2014                                                               2001--2012    2001--2014        2001--2012        2001-2014         2001--2012         2001--2014         2001--2012         2001--2014         2001--2012

  n (counties)                                          95                                                                       94            93                93                96                95                 92                 91                 61                 56

  n (county-quarter observations)                       1991                                                                     1682          3925              3325              4309              3664               4082               3461               2071               1721
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Quarter and county fixed effects not shown.

\*P\<0.05; \*\*P\<0.01.

LSDVc, bias-corrected least squares dummy variable.

Discussion {#s4}
==========

These results suggest that smoke-free air laws have either a null or positive effect on restaurant and bar employment, consistent with extensive prior research.[@R12] In the North Carolina analysis, I find that increased smoke-free air law coverage may be associated with increases in employment within some employer size categories, which echoes recent work indicating a potential rise in overall dining expenditures associated with smoke-free air laws.[@R49] In the national analysis, there was a negative association within a single employer size category; however, its statistical significance was not consistent across estimators.

The strengths of this study include the novelty of estimating differential effects by employer size and employing complementary estimators to ensure that the conclusions are not overly influenced by the statistical methods used. Self-categorisation of business type is a limitation though one that is applicable to any study using employment or sales tax data. The national analysis is limited by its use of accommodation and food services employment as the outcome, which includes other types of workplaces besides restaurants and bars (eg, hotels and resorts), making it difficult to analyse smoke-free air laws that may impact only specific types of businesses (eg, non-comprehensive smoke-free air laws). As restaurant and bar employment only accounts for approximately 43% of accommodation and food services sector employment, attenuation bias is a likely problem. However, the North Carolina analysis provided an opportunity to corroborate the findings of the national analysis and directly address its limitations. The estimated effects are much larger in the single-state analysis, indicating that the national estimates were likely attenuated as expected.

These findings provide empirical evidence that there is no redistributive effect between smaller and larger establishments underlying generally null or positive estimates of the economic impact of smoke-free air laws---a potential concern for policy-makers seeking to balance the health of local businesses and public health.[@R50] This is critical in light of recent work, highlighting disparities in employees' exposure to secondhand smoke and stagnation of legislative action in spite of strong public support for these laws.[@R11] The lack of a redistributive effect is an important finding for policy-makers considering implementation or expansion of a smoke-free air law to protect employees and patrons from the dangers of exposure to secondhand smoke.
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